The objective was to determine the effect of essential oils on the mortality and repellency of the Tenuipalpus heveae Baker mite (Acari, Tenuipalpidae). Leaf discs of rubber trees were deposited in Petri dishes containing a moistened cotton layer. Posteriorly, the essential oils were diluted to formulate solutions, which were sprayed onto the discs. The experimental design was completely randomized, in a 3 × 4 factorial design: neem, cedar and clove oils at doses 0, 10 μL, 50 μL and 100 μL, with five replicates, with ten adult females being considered per replicate. The exposure to the effect of essential oil was evaluated after 24, 48, 72 and 96 hours for the number of females dead and females in the cotton. The data were submitted to analysis of variance, the values were transformed into (x + 0.5) 1/2 , and the means were grouped by the Scott-Knot test at 5% probability for the treatments, the doses were submitted to regression analysis. From the 48 hours of evaluation, clove oil showed greater potential for adult mite mortality, being 1.38 in 48 hours, 1.40 in 72 hours and 1.50 in 96 hours. The dose of 100 μL presented a greater potential for the neem and clove oils. The clove essential oil has potential in the control of Tenuipalpus heveae.
Introduction
The rubber tree [Hevea brasiliensis (Willd. ex Adr. De Juss.) Müell. Arg., Euphorbiaceae] is native to the Amazon Region. Its cultivation is of great economic importance because it is the main source of natural rubber by the extraction of latex (Liu et al., 2015) .
The high latex yield is guaranteed by the environmental management associated with genetic improvement. Currently, pest and disease control are mainly done by zoning, use of resistant clones and by chemical control (Guyot & Le Guen, 2018 , Vieira, Celoto, Scaloppi Junior, & Agustini, 2017 . The main pests occurring in regions with commercial rubber plantations in Brazil are phytophagous mites, especially Calacarus heveae Feres (Acari: Eriophyidae) and Tenuipalpus heveae Baker (Acari: Tenuipalpidae) (Juliatti, Fonseca, Carneiro, Juliatti, & Santos, 2018) .
In T. heveae samples collected from rubber tree leaves, the frequency of females corresponds to almost all samples, the development period from the egg to the adult can be influenced by environmental conditions and the different clones of H. brasiliensis in which they are associated (Castro, Ramos, Feres, Ochoa, & Bauchan, 2017) . This species presents fast capacity to double its population causing great damage to the plant (Feres Del'arco, & Daud, 2010) : leaf darkening, culminating with defoliation, are symptoms of infestation that result in a decrease of latex yield (Martins et al., 2012) . The population dynamics and seasonality of this species are associated with the period of greatest rainfall and relative humidity (Vieira et al., 2017) .
The main control method used against mites is the use of synthetic acaricides, but their excessive and inadequate use can cause several problems, among them the contamination of the environment and intoxications in farmers and consumers, these products also present low selectivity to natural enemies, which results in a decrease of the richness and diversity of local species (Moraes & Flechtmann, 2008) . Thus, other forms of disease and pest management should be considered (Alvarenga & Carmo, 2014 , Yessinou et al., 2016 such as the use of biological control or less toxic substances, such as extracts and essential oils of vegetable origin (Halfeld-Vieira, Marinho-Prado, Nechet, Morandi, & Bettiol, 2016) .
Essential oils are defined according to the International Standart Organization (ISO) as products originating from vegetable parts after the water vapor drag process. The compounds found in each essential oil vary according to the species and structure from which it was extracted, among its main components are simple alcohols, aldehydes, ketones, phenols, esters and organic acids (Santurio et al., 2007) . The use of essential oil and its effect on pest control is of agricultural interest and is reported in several studies (Barbosa, Dias, Guerra, & Vieira, 2018; Jayakumar, Arivoli, Raveen, & Tennyson, 2017; Lucca, Nóbrega, Alves, Cruz-Silva, & Pacheco, 2015) .
Vegetables such as neem, cedar and clove allow the extraction of essential oils studied for the control of pests and diseases in agricultural systems. The neem (Azadirachta indica A. Juss) and the cedar (Cedrela odorata L.) are trees belonging to the family Meliaceae (Neves, Oliveira, & Mohn, 2003) . They have as main metabolic secondary to azadirachtin, a substance with high insecticidal and acaricidal action and very low toxicity to man (Mansour, Ascher, & Abo-Moch, 1997) . The clove, Syzygium aromaticum (L.) Merrill and Perry (Myrtaceae), is distinguished by the essential oil with insecticidal potential for the control of pests because in its chemical composition there is the compound eugenol (Jairoce et al., 2016; Hong, Perumalsamy, Jang, Na, & Ahn, 2018) .
Studies with essential oils are basic to developing products to control pest infestations. These have advantages because of their low toxicity in mammals and because they cause a much lower environmental impact when compared to conventional products (Jia, He, Wang, Dai, & Zhu 2018; Pavela, 2016) . Given these assumptions, this work aimed to determine the effect of different essential oils on Tenuipalpus heveae mite mortality and repellency.
Material and Methods
The study was developed at the Laboratory of Entomology of the State University of Mato Grosso do Sul The sensitivity test of mites to essential oils was conducted according to the methodology used by Tabet (2011) , with changes in the mode of application of essential oil solutions. The mites were obtained from a field of the rubber tree, RRIM 600 clone, of approximately eight years of implantation, located at Experimental Farm of the State University of Mato Grosso do Sul, Cassilandia-MS.
Leaf discs 5 cm in diameter were deposited in 9 cm diameter Petri dishes containing a cotton layer moistened with distilled water. With a stylet the excess of mites from the leaf discs was removed, leaving only the number of individuals to be evaluated.
With a graduated micropipette, the essential oils were dosed and then diluted at the concentrations of 0, 10, 50 and 100 μL L -1 . To breakage the water tensions a drop of Twin ® was used in each mixing. The essential oils were sprayed onto the leaf discs with a hand sprayer at a dose of 2 ml. The plates were kept in an air-conditioned room, at a temperature of 25.0±2.0 °C, relative humidity of 65.0±10.0% and 14h of photophase.
Evaluations were performed after 24, 48, 72 and 96 hours, recording the number of dead females in the disk and the number of dead females in the wet cotton. This mortality in cotton is indicative of the effect of product repellency.
For the calculation of corrected mortality percentages (Mc%), the Abbott equation was used (Nakano, Silveira Neto, & Zucchi, 1981) ( 1) where, T = number of live females + females found in the moistened cotton, in the control treatment (spraying with deionized water), I = number of live females + females found in the cotton moistened in the treatment tested.
This calculation considers that females found in the moist cotton could be alive if they had not fallen into the water barrier.
The percentages of repellency (Rc%) were calculated by the equation of Abbott (Nakano et al., 1981) modified by Tabet (2011) :
where, T = number of live females + dead females on the disc, in the control treatment (spraying with deionized water), I = number of live females + females dead on the disc in the treatment tested. This calculation considers that the treatments repelled the females found in moist cotton.
The experimental design was completely randomized in a 3 × 4 factorial design (neem, cedar and clove oils) at doses of (0, 10 μL, 50 μL, and 100 μL), with five replicates, considering ten mites by replication. Data were submitted to analysis of variance by statistical software Sisvar (Ferreira, 2011) . For the analysis, the values of the number of dead females on the disc and the number of dead females in the wet cotton were transformed into (x + 0.5) 1/2
, and the means were grouped by the Scott-Knot test at 5% of probability, for treatments and regression for doses.
Results and Discussion
There was no interaction between the factor oils and doses in adult mortality; in this way, the influence of the treatments was analyzed independently.
About the evaluations in the periods of 24, 48 and 96 hours (Table 1) , the different essential oils caused mortality in the adult females of T. Heveae. Higher values of mortality in the adult females of T. Heveae. were observed with the use of clove essential oil when compared to the two other essential oils in all evaluated periods. The other two treatments showed similar results among themselves. The analysis of adult females in cotton (AFC) presented results that were statistically similar in all evaluated periods. Note. Means followed by the same letter belong to the same group by the Scott-Knot test (P = 0.05). The data were transformed by (x + 0.5)
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The statistical relationship between clove oil doses and T. heveae mortality were tested to evaluate the ratio of clove oil (dose) concentrations and the exposure period of the mite to this agent. From the regression tests considered up to the fourth order, it was not possible to find a regression model that demonstrates the behavior of mite mortality by the effect of clove oil concentrations for 24 hours of exposure significantly. The following criteria were used to consider the regressions: satisfactory R 2 (> 70), the p-value of the regression presented significance (< 0.05), and a p-value of deviations from the regression analysis used compared to the next order presented p-value not significant (p-value > 0.05). Thus, in the Table 2 are presented the statistical characteristics of the regression model, as well as the means of the dependent variables and behavior of the effect of the doses used on the adult mite mortality for evaluations of 48, 72 and 96 hours of application. The effect of the four doses of clove oil (0.10, 50 and 100 μL L -1 ) was analyzed by the use of the regression test up to the fourth order. According to R 2 , it was observed that more than 80% of the data are adjusted to the regression models used, and the linear model is adequate for the mortality of the mites at different periods of exposure to the oil doses ( Figure  1 ). jas.ccsenet. The presence of Eugenol is responsible for action in the control of agricultural pests and according to Kheradmand, Beynaghi, Asgari, and Garjan (2015) , this plant can present almost 80% of this substance. In a study with Rhipicephalus (Boophilus) microplus (Acari: Ixodidae), it was observed that the use of clove oil at the dose of 100 mg mL -1 presented 100% efficiency, as well as the same dose of synthetic Eugenol, in adult mortality of ectoparasite (Ferreira et al., 2018) that is usually controlled with the use of commercial acaricides (Yessinou et al., 2016) . The rapid action of clove oil on mites may indicate that its mechanism of action is neurotoxic (Isman, 2006) . However, Moraes and Flechtmann (2008) report that essential oils penetrate the body of the mites by breathing that is, it penetrates the body of these arthropods through the cuticle, the only respiratory surface of these organisms.
The results of this work demonstrated that the mortality of adult mites was proportional to the dose of clove oil used. Similar results for adult mortality, in addition to the repellent effect, were reported for the control of the mite Tetranychus urticae (Kheradmand et al., 2015) . In addition to promising acaricide, clove oil presents an insecticidal action due to the presence of eugenyl acetate, methyl salicylate, eugenol, and eugenyl acetate. These are detrimental to the development of larvae of Bradysia procera, Diptera: Sciaridae (Hong et al., 2018) .
According to the results demonstrated by the Mc calculation (Table 3) , it is recommended new studies with larger doses to observe if the performance of the clove essential oil continues proportional to the increase of its dose. The results indicate that clove oil has the potential for use as a component of products indicated to the control of the studied mite.
Conclusions
The results of the mortality of adult females of Tenuipalpus heveae treated with the clove essential oil showed that this oil can be an alternative in the phytosanitary management in Hevea brasiliensis affected by this phytophagous mite.
